Currently drinking water samples are analysed using a copper/cadmium electrode to reduce nitrate to nitrite, nitrite then diazotises sulphanilamide and the product of this reaction couples with N-1-naphthylethylenediamine hydrochloride to form an azo dye; the concentration of which is then measured by colorimetry or spectrophotometry. 2, 11 Although the optimum method it is still expensive, time consuming and produces toxic waster products. 2 It is also limited by common interferences such as chloride and nitrite ions. 1, 12 Therefore research into different methods for the detection of nitrate is increasingly important.
Spectroscopic methods such as ultraviolet, [13] [14] [15] [16] [17] [18] [19] [20] [21] atomic absorption, 22 infrared, 23 Raman, 24 mass 25, 26 and molecular absorption 27 have been used. Polarography is often employed 1, 3, 28, 29 and this and other electrochemical methods are used in conjunction with other regimes such as high performance liquid chromatography. 4, [6] [7] [8] [30] [31] [32] Electrochemical detection is mostly performed at copper modified electrodes [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] although other electrodes such as Pt modified with cellulose acetate membrane, 47 gold plated porous membrane, 48 yeast modified glassy carbon 49 and yeast modified screen printed carbon 49 have been investigated. Ion selective electrodes can be used to avoid the effects of common interferences. 1, 2, 5, 11, 12, 35, [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] Some limits of detection using electrochemical methods are shown in Table 1 .
In this paper we investigate the use of a nanoparticle modified electrode to detect nitrate. Recently nanoparticles have become a 'hot topic' for research due to their occasionally superior electroanalytical properties. Table 2 gives a summary of some of the uses and areas investigated with respect to different types of metal nanoparticle. There are four main advantages to the use of a nanoparticle modified electrode when compared to a macroelectrode or a film deposit; surface area, catalysis, mass transport effects and control over local microenvironment.
A deposition of nanoparticles leads to a roughening of the sensing surface which means a vastly increased conductive area of electrode with a corresponding sensitivity increase. Catalytic properties decrease the overpotentials of some redox reactions. This means a more highly selective electrochemical analysis because of the separation of voltammetric peaks due to the species of interest from those due to common interferences. For example Raj et al. have shown that the catalytic effect of gold nanoparticles on dopamine oxidation meant that its potentials could be distinguished from that of ascorbic acid. 64 It is claimed that the gold nanoparticle modification has increased the reversibility of the dopamine oxidation reaction, which is irreversible at a bulk gold electrode, by facilitating faster electron transfer kinetics. At the same time rates of mass transport are greatly increased at nanoparticles when compared to larger particles or bulk material because their smaller size means spherical rather than linear diffusion takes place. Depending on the type of deposition process employed the local microenvironment on the surface can be controlled via crosslinking elements which can lead to more specific and selective interactions with substrates. 65 Metal nanoparticles may be made via physical vapour deposition techniques, 66 chemical synthesis, 67 and UV light or electron beam irradiation.
Physical vapour deposition techniques are limited in terms of the number of different metals which can be deposited and because it is difficult to obtain particles with diameters lower than 20 Å. Electrochemical deposition offers an easy and rapid alternative. In this paper ex-situ and in-situ methods for the deposition of copper nanoparticles onto a BDD electrode were investigated. The structure of deposit was varied through the use of different deposition times, potentials and concentrations of Cu 2+ present in solution. The effect of structure on the electroanalytical properties was also explored with respect to the reduction of nitrate. In order to fully optimise the system different background electrolytes were studied, including the effect of chloride concentration and pH. The protocol was evaluated using a sample of natural mineral water, confirming the analytical applicability of the process.
Experimental
Voltammetric measurements were carried out using an Autolab PGSTAT 20 potentiostat (Eco-Chimie, Netherlands). All measurements were conducted using a three electrode cell of volume 20 ± 1 cm 3 . The working electrode was a boron doped diamond electrode (constructed in house via sealing a BDD square into a Teflon housing); it was polished before each experiment with alumina micropolish II (Buehler, UK) of decreasing particle size (1 to 0.3 µm) on soft lapping pads. A bright platinum wire acted as the counter electrode and a saturated calomel reference electrode (SCE, Radiometer, Denmark) completed the cell assembly. Experiments were carried out at a temperature of 22 ± 2˚C and the cell was typically purged with nitrogen gas before commencement.
All chemicals used were obtained from Aldrich; these were of analytical grade (>99%) and were used without further purification. All solutions were prepared with deionised water of resistivity not less than 18.2 MΩ cm (Millipore water systems, UK).
Atomic Force Microscopy (AFM) employed a Digital Instruments (now a division of Veeco) Multimode SPM, operating in ex-situ tapping mode. A model "J" scanner was used, having a lateral range of 125 × 125 µm and a vertical range of 5 µm. Standard silicon nitride probes (Veeco part number NP), having a force constant of approximately 0.58 N/m were used.
Results and Discussion

Characterizing the copper metal deposit
First it was decided to investigate what effect varying parameters such as time and potential of deposition and concentration of Cu 2+ in solution would have on the size, shape and density of copper particles deposited onto a Boron Doped Diamond (BDD) electrode. Depositions were made from a 0.1 M sodium sulphate solution adjusted to pH 3 with 0.1 M hydrochloric acid as this has previously been demonstrated to enable the deposition of copper onto BDD. 44, 45 Figures 1(i), (ii) and (iii) show the particles obtained when copper is deposited at a potential of -0.8 V for a time of 5 s from solutions containing 500, 250 and 100 µM of Cu 2+ respectively. To analyse the deposit the particles were assumed to be hemispherical caps. When deposited from a 100 µM Cu 2+ solution the particles are an average of 111 nm (σ = 40 nm) in diameter and 13 nm (σ = 7 nm) in height (iii), growing to 122 nm (σ = 41 nm) in diameter and 29 nm (σ = 15 nm) in height when the Cu 2+ concentration is increased to 250 µM (ii). Increasing the Cu 2+ concentration further to 500 µM yielded particles of 135 nm (σ = 36 nm) in diameter and 39 nm (σ = 13 nm) in height (i). As with the size of individual particles the number density increases with increasing concentration from 2.0 µm -1 at 100 µM to 2.2 µm -1 and 2.4 µm -1 at 250 and 500 µM respectively.
Figures 1(iv), (v) and (vi) show the changing surface of the BDD electrode after deposition at -0.8 V was carried out for 5, 2 and 0.5 s respectively from a solution containing 100 µM Cu 2+ . After 0.5 s the particles are an average of 58 nm (σ = 43 nm) in diameter and 4 nm (σ = 2 nm) in height (vi), after 2 s they grow to 66 nm (σ = 31 nm) in diameter and 8 nm (σ = 3 nm) in height (v) with further increase in size to 111 nm (σ = 40 nm) in diameter and 13 nm (σ = 7 nm) in height when the potential is applied for 5 s (iv). The number density of particles also increases with increased deposition time. At 0.5 s the number density is 1.5 µm -1 growing to 1.8 µm -1 for 2 s and 2.0 µm -1 at 5 s. Within the parameters of our investigations it seems that the concentration of Cu 2+ and time of deposition do not greatly affect the number density or size of particles in the deposit. An increase in either will give a steady increase in size and number density. However, the deposition potential has a noticeable effect, with the number density increasing fifteen fold for a 0.4 V difference in potential.
It has previously been shown that on low energy surfaces, such as graphite, H-terminated silicon and boron doped diamond, metal nanoparticles are formed instantaneously and the size distribution of particles becomes monotonically broader during deposition. [69] [70] [71] Our results regarding the dependence of number density on potential are not unexpected then because when an instantaneous deposition mechanism is involved the number of nucleation sites will be controlled by the applied potential.
After size and number density of particles had been characterised with respect to changing the deposition parameters the next step was to assess their differing analytical properties with respect to the detection of nitrate.
Nitrate detection using ex-situ deposition of copper
Copper was deposited using the parameters described above; from a 0.1 M sodium sulphate solution adjusted to pH 3 with 0.1 M hydrochloric acid containing either 500, 250 or 100 µM Cu 2+ at potentials of -0.8, -1 and -1.2 V for times of 5, 2 and 0.5 s. The electrode was then removed from solution, washed with distilled water and placed in a fresh 0.1 M sodium sulphate solution (pH 3). An addition of 200 µM nitrate was made and a linear sweep run from -0.4 to -1.5 V at 10 mV/s. Figure 2 shows the responses, in this solution, of an untreated BDD electrode (i) and a BDD electrode which has undergone a 5 s deposition at -1.2 V from a solution containing 500 µM Cu 2+ (ii). In both voltammograms a peak is observed at -1.35 V.
The magnitude of current of this peak does not increase with further addition of nitrate. However, when an addition of hydrochloric acid is made the magnitude of peak current does increase. It is therefore inferred that this peak is due to hydrogen evolution at the electrode and that there is no obvious peak due to nitrate reduction.
Previously it has been shown that nitrate can be detected using a BDD electrode where a porous copper film has been deposited ex-situ. 45 This electrode gave a linear range of 10 -200 µM and a sensitivity of 0.085 M. -1 No limit of detection was given but the lowest made addition was 13.9 µM. To try and reproduce these results a BDD electrode was modified with a 120 s deposition from a 0.1 M sodium sulphate solution (pH 3) containing 5 mM Cu 2+ at -1.2 V. After this deposition a copper film, visible to the naked eye, was observed on the electrode surface. Figure 2 ( iii) shows the response of this electrode to 200 µM nitrate. Two peaks are observed at -0.5 V and at -0.9 V. The peak at -0.5 V is not present in a blank solution and with further additions of nitrate the magnitude of peak current is seen to increase. The opposite is true for the peak at -0.9 V, it can clearly be seen when no nitrate is present and its magnitude does not alter with increased nitrate concentration but does increase on addition of hydrochloric acid.
Davis et al. 44, 45 observed a peak at -0.48 V, under similar conditions, which was found to correspond to the reduction of nitrate. It is therefore proposed that the peak observed in Fig. 2 (iii) at -0.5 V is due to the reduction of nitrate occurring on the copper film. From the data available it can be inferred that the peak at -0.9 V is due to hydrogen evolution. It is suggested that the potential of this peak is more positive relative to the potential for an unmodified BDD electrode due to a catalytic effect of the copper film.
It seems from the results shown in Fig. 2 that a deposit of copper particles will not act electrochemically after being transferred to a fresh solution, it takes a visible film of copper to produce a peak for the reduction of nitrate. This could be due to a film of a copper oxide forming quickly in the air and passivating the particles 67 effect due to the larger mass of copper present.
It would therefore seem sensible to use a copper film to detect nitrate. However, there are drawbacks to using a copper film and it is thought that smaller particles, if they can be used, might act more efficiently as an electrode surface. The main drawback to the use of a copper film modified electrode is the instability of the film, which can be accidentally removed easily through out-gassing or through the shearing motion from emptying the electrochemical cell. 44, 45 In fact the peaks shown in Fig. 2 (iii) were not reproducible and it is thought this was due to the film becoming detached from the surface.
Methods for an in-situ deposition of copper particles were next investigated. In-situ deposition could be explored because the copper surface is deposited at more positive potentials (ca. -0.06 V vs. SCE) than the potentials at which nitrate reduction takes place. It is also noted that freshly deposited metal layers have been shown to be more electrochemically active for cathodic reactions. 72 
Nitrate detection using in-situ deposition of copper
The BDD electrode was placed in a 0.1 M sodium sulphate solution (pH 3). A deposition potential of -0.8 V was applied for 5 s and then a linear sweep run from -0.2 to -1.5 V in the same solution. Figure 3 shows the response of an electrode produced in this way to solutions containing 100 µM nitrate and 500 µM Cu 2+ (i); 100 µM nitrate and 0 µM Cu 2+ (ii) and 0 µM nitrate and 100 µM Cu 2+ (iii). When both Cu 2+ and nitrate are present (i) a peak is seen at -0.7 V, the magnitude of which increases on addition of nitrate. No corresponding peak is seen when either nitrate or Cu 2+ is not present in solution.
It could be postulated that the presence of this peak is due to the Cu 2+ and nitrate species forming a complex, which can be reduced by the BDD electrode, but Cu 2+ and nitrate are not known to form any stable complexes in solution. 73 It is therefore concluded that this peak is due to the copper nanoparticles on the BDD surface reducing the nitrate in solution.
The more negative peak potential for nitrate reduction at a particle modified electrode (-0.7 V) relative to a copper film modified electrode (-0.48 V 44, 45 ) is due to the higher rate of mass transport at the particles. Hemispherical diffusion can take place, whereas only linear diffusion occurs at a bulk material such as the copper film. This means the rate of nitrate reduction only becomes limited by diffusion at a more negative potential. In fact the same effect is seen for the hydrogen evolution peak which occurs at -1 V (Fig. 3 (iii) ) when particles are present and at -0.9 V when a copper film is deposited. 44, 45 The addition of nitrate also affects the potential at which hydrogen evolution occurs, on addition of nitrate the peak current moves to a more positive potential and the magnitude of current is decreased. This can clearly be seen in Fig. 4 , which shows the increase in the peak at -0.7 V when additions of nitrate are made. An inset shows a plot of peak height against concentration of nitrate. For this particular electrode, which had had a deposition potential of -0.8 V applied for 5 s in a solution containing 500 µM Cu 2+ , the relationship of peak current and concentration of nitrate was linear within the range of 10 -100 µM nitrate. It yielded a limit of detection of 11.2 µM (peak current/A = -0.1 [nitrate]/A mol -1 dm 3 -1.5 × 10 -6 /A, R 2 = 0.98, S/N = 3). The peak seen in Fig. 3 , especially prominent for (i), at -0.2 V is due to a small amount of copper being deposited at the electrode surface, as has previously been reported in the literature. 45 Note this peak is not directly related to the nitrate detection.
Next the analytical qualities of the different deposits of copper were studied and compared. As with imaging the Cu 2+ concentration was varied between 500, 250 and 100 µM and a deposition potential (-0.8, -1 or -1.2 V) was applied for either 5, 2 or 0.5 s. In all cases the limits of detection and linear ranges were found to be extremely similar. This led to the suggestions that either the deposits were so similar the change in limit of detection and linear range could not be detected within our error limits or that the deposits were being homogenised somehow. In our experiment a linear sweep is performed in the same solution as has been used to deposit the copper particles. This applied potential can still reduce copper therefore the next step was to investigate the effect of the linear sweep step on the copper particles deposit. Figure 5 shows AFM images of the BDD surface; untreated (i), after a deposition of copper has been made at -0.8 V for 5 s from a solution containing 100 µM Cu 2+ (ii) and after a linear sweep has been run in the same solution at a scan rate of 10 mV/s (iii). After the deposition the particles are of mean diameter 111 nm (σ = 40 nm) and height 13 nm (σ = 7 nm) and the number density is 2.0 µm -1 . The particles increase to an average diameter of 290 nm (σ = 62 nm) and height of 64 nm (σ 1425 ANALYTICAL SCIENCES DECEMBER 2005, VOL. 21 Fig. 3 The response of a BDD electrode which has had a deposition potential of -0.8 V applied for 5 s to a 0.1 M sodium sulphate solution (pH 3) containing 100 µM nitrate and 500 µM Cu 2+ (i); 100 µM nitrate and 0 µM Cu 2+ (ii) and 0 µM nitrate and 100 µM Cu 2+ (iii). All linear sweeps were run at 10 mV/s. Fig. 4 The response of a BDD electrode, which has had an in-situ deposition potential of -0.8 V applied for 5 s in a 500 µM Cu 2+ , 0.1 M sodium sulphate solution (pH 3) to increasing additions of nitrate (0 -100 µM). A stripping potential of +0.5 V is applied for 20 s in between each addition of nitrate and the linear sweep is run at a scan rate of 10 mV/s. The inset shows a typical graph of peak current (µA) against nitrate concentration (µM). = 21 nm) after the sweep and their number density to 2.3 µm -1 . When a linear sweep is run in the same solution and after the same deposition at a scan rate of 50 mV/s (iv) the particles are of diameter 217 nm (σ = 27 nm) and height 56 nm (σ = 14 nm) with a number density of 2.2 µm -1 . A sweep at 1 V/s leads to a number density of 2.2 µm -1 and particles of diameter 183 nm (σ = 38 nm) and height 43 nm (σ = 16 nm) (v). It can be seen that although the density of particles stays roughly the same their size is increased when the linear sweep is run. Also if the linear sweep is run at a faster scan rate the increase in particle size is not as large.
When the surface was imaged after applying different initial potentials for different times and at different concentrations of copper it was found that the size of particles was roughly independent of these potentials, times and concentrations and was only dependant on the scan rate used to run the linear sweep. However, the number density was dependant on the initial conditions used to make the deposition and stayed the same whatever scan rate was used for the linear sweep. It was therefore decided to investigate what effect the scan rate used had on the limit of detection and the linear range.
After a deposition was made at -0.8 V for 5 s, from a 0.1 M sodium sulphate (pH 3) solution containing 100 µM Cu 2+ , additions of nitrate were made and linear sweeps run at the three different scan rates. The limits of detection at 10, 50 and 1000 mV/s were found to be 11. In all cases the range in which peak current was linear with respect to nitrate concentration was 10 -100 µM. A higher scan rate gives a lower limit of detection, however, the change in limit of detection is not large. This is probably because the change in the size of particles from one scan rate to another is not large enough to produce a striking difference in rates of diffusion or surface area. The limit of detection, sensitivity and linear ranges found compare favourably to those, shown in Table 1 , for different methods of nitrate detection.
Also shown in Fig. 5 is the BDD surface after a +0.5 V stripping potential was applied for 20 s (vi) subsequent to a deposition and linear sweep cycle being run. This potential was applied between each addition of nitrate in an attempt to renew the electrode surface. Zak et al. 73 suggest that only metal phase adhering to non-conducting sites on the electrode would be stripped incompletely and since BDD has an electrically and chemically uniform surface complete stripping should occur. However, in the image shown in Fig. 5 (vi) particles can still be seen on the surface even after stripping. It is concluded that these particles cannot be adhered to a conducting site on the electrode and therefore must be electrochemically inactive. In order to test this hypothesis after stripping the BDD electrode was removed from solution, washed with deionised water and placed into a new solution containing 500 µM nitrate and 100 µM copper. On scanning no nitrate peak was present and the hydrogen evolution peak was observed at the later potential of -1.4 V suggesting that these particles are inactive. However, as earlier noted, removing the BDD electrode from solution may cause a copper oxide film to be formed or hydrochloric acid in the fresh solution may scavenge the copper from the surface so this evidence is inconclusive.
It was therefore decided to test the effect this left over deposit had on the BDD surface after subsequent deposition and linear sweep scans. The process of depositing onto the electrode, scanning and then stripping was repeated five times. It was observed that the copper deposit on the electrode after five repetitions was not discernibly different to the deposit observed after the process had only been carried out once. Therefore it is concluded that the stripping was sufficient to renew the electrode surface and the left over deposit did not affect new deposition.
The effect of change in pH and different electrolytes
Davis et al. 44, 45 suggest that the amount of hydrochloric acid in solution affects the nitrate reduction process because of an interaction between chloride species and the copper deposit. In order to investigate this scans were run with differing amounts of background hydrochloric acid present in a 0.1 M sodium sulphate solution containing 500 µM nitrate and 500 µM copper. As before, a deposition potential of -0.8 V was applied for 5 s before a linear sweep was carried out at 10 mV/s between -0.2 and -1.2 V. As can be seen in Fig. 6 there is no peak present when the concentration of hydrochloric acid is zero, where the pH of solution is 5.87. No peak is in fact observed until the pH falls below 4.11. After this point the peak height increases with increased hydrochloric acid concentration, until a pH of 2.85 is reached, where the peak height reaches a plateau and does not increase with higher concentration of hydrochloric acid. The magnitude of the peak current for hydrogen evolution can also be seen to increase with increasing acid concentration. The hydrogen evolution peak can obscure the nitrate reduction peak when the concentration of nitrate in solution is small. Therefore the optimum pH to carry out experiments is ca. 3 as this is where the nitrate peak is largest relative to the hydrogen evolution peak.
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ANALYTICAL SCIENCES DECEMBER 2005, VOL. 21 There are two possible explanations as to why the differing concentration of hydrochloric acid affects the magnitude of the nitrate reduction peak; either at higher pHs the copper deposit is not formed or the hydrochloric acid concentration affects the nitrate reduction process, as postulated by Davis et al. 44, 45 In the area of our study, from pH 5.87 to pH 2.57, the hydrogen evolution peak appears at a potential of -1 V. This suggests that the copper particles are being deposited as normal because if the BDD surface were unchanged by deposition the hydrogen evolution would occur at the later potential of -1.4 V. Therefore the acid must affect the nitrate reduction process.
It would then be interesting to know if this effect is due particularly to the hydrochloric acid concentration, because of an interaction between the chloride species and copper, or whether it is simply due to the effect of pH. An analogous experiment to that described earlier was carried out using differing concentrations of sulphuric acid and nitric acid. Again it was found that no nitrate reduction peak was observed until the pH of solution fell below 4.11, the magnitude of peak current increased until a plateau was again reached at pH 2.85. Therefore it is concluded that the effect observed is not due to chloride-copper interactions but that the pH of solution affects the nitrate reduction process.
Full optimisation of the method used in this paper would not be complete if pHs higher than 5.9 and different electrolytes had not been investigated. As stated earlier, the hydrogen evolution peak obscures the peak for nitrate reduction at low concentrations of nitrate. Therefore if a way could be found to remove this hydrogen evolution peak or increase the magnitude of its negative potential it would greatly enhance the analytical capabilities. To this end the process was investigated in pH 7 phosphate buffer and 0.1 M acetic acid. Figure 7 shows the responses of a copper particle modified BDD electrode to 100 µM nitrate in solutions of pH 7 phosphate buffer (i), 0.1 M acetic acid (ii) and for comparison pH 3 sodium sulphate (iii) solution. A deposition potential of -1.2 V was applied for 5 s in the presence of 100 µM Cu 2+ and a linear sweep then run from -0.2 to -1.2V at a scan rate of 10 mV/s. In the 0.5 M phosphate buffer (i) a wave is observed at -1 V. This wave is seen to increase on addition of further nitrate and is not present in a blank solution. However, the magnitude of this peak is greatly decreased when compared to the sodium sulphate solution. In order to try to increase the observed peak current further copper was added to solution. But it was found that when 500 µM Cu 2+ was present a blue precipitate was formed in solution, which suggests the solution is saturated. Increasing the concentration of copper in solution up to 500 µM did not greatly increase the peak current therefore it was concluded that carrying out experiments in phosphate buffer would not give a better limit of detection.
In 0.1 M acetic acid (ii) the nitrate reduction peak is found to occur with a maximum peak current at -0.8 V. When additions of nitrate were made the peak current was found to be linear in a range of 10 -100 µM, as with 0.1 M sodium sulphate and the limit of detection was found to be 14.9 µM (peak current/A = -0.09 [nitrate]/A mol -1 dm 3 -6.5 × 10 -6 /A, R 2 = 9.4). This is comparable to but slightly higher than the 11.2 µM (peak current/A = -0.1 [nitrate]/A mol -1 dm 3 -1.5 × 10 -6 /A, R 2 = 0.98) limit of detection found for the 0.1 M sodium sulphate solution at the same scan rate. Therefore it was concluded that pH 3 sodium sulphate is the optimum solution for this process to be carried out in.
Analytical performance using a real sample
The analytical performance of the process described above was next investigated with respect to a routine application, the determination of nitrate levels in a mineral water sample.
The chosen mineral water sample, "Brecon Carreg": Welsh carbonated natural mineral water, was prepared by taking 2 mL of the sample and diluting with 18 mL of 0.1 M sodium sulphate solution which had been adjusted to pH 3 using 0.1 M hydrochloric acid. The solution was spiked with 500 µM Cu 2+ and the nitrate level assessed via standard protocol. A typical analysis found the concentration of nitrate within the sample to be 34 µM (peak current/A = -1.2 [nitrate]/A mol -1 dm +3 -4.2 × 10 -6 /A, R 2 = 9.9). The manufacturer quotes a value of 35 µM nitrate, based on "typical analysis based on dry residue at 180˚C". No indication of the error is given for the "dry residue" technique but it was typical for the analysis used in this paper to have error no more than ± 1 µM.
Conclusions
In this paper we have shown that varying the electrochemical 1427 ANALYTICAL SCIENCES DECEMBER 2005, VOL. 21 Fig. 6 The response of a BDD electrode which has been modified with a deposition at -0.8 V for 5 s to 0.1 M sodium sulphate solution, containing 500 µM nitrate and 500 µM copper, which has been adjusted to various pHs (5.87 -2.57) with 0.1 M hydrochloric acid. Linear sweeps are carried out at 10 mV/s between -0.2 and -1.2 V. Fig. 7 The responses of a copper particle modified BDD electrode (deposition potential -1.2 V applied for 5 s in the presence of 100 µM Cu 2+ ) to 100 µM nitrate in solutions of pH 7 phosphate buffer (i), 0.1 M acetic acid (ii) and pH 3 sodium sulphate (iii) solution. The linear sweep is run at a scan rate of 10 mV/s. deposition conditions (potential, time and concentration of Cu 2+ ) gave copper deposits of changing size and particle density at a BDD electrode. An increase in time or concentration of Cu 2+ led to an increase in the size and number density of copper nanoparticles. Even though an increase in deposition potential led to a higher number density the particles were found to be smaller when all other variables remained unchanged.
It was found that within the limits of this paper the deposition time, potential and concentration of Cu 2+ had not been varied enough to prevent a linear sweep homogenising the size of the nanoparticles. However, the number density was still dependant on the initial conditions of deposition. Although running a linear sweep was found to increase the copper particle size a higher scan rate led to a lower relative increase in particle size.
When investigations into the electroanalytical properties of these deposits with respect to the reduction of nitrate were undertaken it was found that if the electrode was transferred to a different solution the copper deposit became electrochemically inactive.
Therefore an in-situ method was developed. Investigations of the optimum conditions for the reduction of nitrate with the copper nanoparticle modified BDD electrode found that a solution of 0.1 M sodium sulphate adjusted to ca. pH 3 should be used.
Although the initial deposition conditions were found to have little effect on the system an increase in scan rate was observed to give a lower limit of detection and increased sensitivity. A limit of detection of 1.5 µM nitrate was obtained with a scan rate of 1 V/s after a deposition at -0.8 V for 5 s from a solution of 100 µM Cu 2+ . This is comparable to limits of detection achieved through other means. When a real sample was analysed to confirm the analytical applicability of the process the concentration was found to be correct, within the error limits of our system.
